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y. 

DIGEST - 

Because it was suspected there might be a variability in the 
sensitivity to penetration of anatomically different skin area, drsisss of from 
5 to 30 t,lg/kg of VX were applied in  a single drop ta 19 Intact skin sites an 
humans. Variations in penetration iates were determined from choliaesterase 
depression and incidence of symptoms. 

The fallowing conclusions were reached: 

I .  Cholinesterase depression by sublethal doses of YX and 
incidence of symptoms are directly correlated. 

2 .  There is a difference in sartaitivity ta penetration by YX of 
various body sites, the head and neck areas  being the mast senwitive. 

3 .  The more rapid the penetration rate, the more rapid is  the 
onset of toxic signs and s y m p h n s .  

4. 
intoxication. 

Oximes appear to be effective in the treatment of WX 
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Previous clinical studies on the sun penetration of clompounda in the 
Y se r ies  were relevant to rate of penetration, effect of surface spread, effect 
of single and multiple drops, and effect of certain additives. 1n-the majority 
of these studies, agent was applied to  the relatively hair less volar surface of 
the forearm. Because it wwaw suspected there d g h t  be a variability in the 
seensitivity to penetration of anatomicdly different skin areas ,  the present 
etudy was undertaken. It was believed, if such a variability be evident, these 
data would be of value in providing guidance for. the design of protective 
equipment, and in arriving at  a more valid estimate of the per cutaneous 
LD5O and ED50 for VX in man, 

Other questions t k i ~  study sought to answer are the feillswing: 

1. Does the depressian cd cholinesterase [ChE) levels by eub- 
lethal dcpises of VX cerrespond to  the incidence of a p p t e r n s  of intaxiration? 

2. Is the epee$ sf penetration related to the speed of onset of 
toxic ~ligna and symptoms ? 

3.  Is the size sf the area covered by -VX on the skila a factor 
in penetration rate T 

Selection and Preparation of Subjects. 

Subject EI were aervicernen [Birectorate af Medical Re  search 
voLunteerspi between the ages off 14 and 52 yr, with an average age of 25 y r .  
Before deing coneidered, each aubject was interviewed regarding his medical 
and family history and given a complete physical examination; bloiod and urine 
analyses, e ~ e e t r o c a r c l h ~ r a m ,  cheat X ray, psychslolgical and psychometric 
tents, p~yck i a t r i c  interview, and complete medical evaluation. 

When on test,  al l  men were hospitalized for 24 h. 
conducted undcr the ambient temperature and humidity conditions of the ward 
(approximately 75 OF, 6@& RW). 



Subjects who receivedthe agent on the cheek were clean-shaven 
unless  otherwise s tated,  Before the agent was applied to any akin a r e a ,  the 
skin surface was examined carefully with a hand lens,  and any a r e a  that 
appeared to be abraded or  i r r i t a t ed  was avoided. The skin was not pretreated 
o r  decontaminated in  any manner during the ent i re  period of the test .  a f t e r  
the agent was applied, subjects we re  cautioned to re f ra in  f r o m  touching the 
contaminated a rea .  They were  allowed to move about the ward, but instructed 
t o  r e tu rn  t o  the bed o r  chair when physiological measurements  were  scheduled 
to be made. Food and water intake was not controlled and smoking was alllowed. 

B. Skin A r e a s  Exposed. 

The skin a r e a s  exposed and the number of subjects used for  each 
a r e a  a r e  graphically indicated in  figure I .  Nineteen a r e a s  were  eelected for  
study. 

Agent. 

The VVX used in these t e s t s  was f r o m  10Q-ml samples  prepared 
by the Procews Development Division, Directorate  of Development, theae 
Laborator ies .  The compound was s tored i n  individual 5-rnl ampules,  and 
a new ampule of agent was  used f o r  each day2s  tes t .  A portion of each tes t -  
day ' s  VX was bioassayed (enzyrrmatically and in  a n i l r d s ) .  The biological 
potency of a l l  ma te r i a l  used in these stud ies  was found to be between 
9% and 9570 of the most  active sample previously tested. Repeated chemical 
analyses  Indicated that the purity of all VX used was consistently higher than 
9070. 

Dose. 

Based on the previous finding that 20 pg/kg of VX (applied a s  a 
single drop to the volar surface of the f o r e a ~ m )  produced an REG-GhE drop 
from 60% to  65% of normal, 1 a standard dose of 20 j ~ ~ / k g  was  initially s e f  ectsd 
for  most of these experiments.  Doses s f  25 and 310 pg/kg w e r e  applied to 
two groups, comprising a total  of 12 subjects,  in  a comparison of the effects 
of single and multiple drops.  During the course of the study, i t  became 
apparent that the higher doses were  safe f o r  only certain areas of the body, 
and i t  was necessary  to  decrease  the amounts applied to  the m o r e  sensitive 
a r e a s .  

In most  cases ,  the agent was applied as a single drop with an 
Agla micrometer  syr inge  and in some t e s t s  the mater ia l  was applied as 
5 d i sc re t e  drops arranged to preclude their eventual coalescence, 



FIGURE 1 

SKIN AREAS TESTED 

Numerals refer ta number of subj,ects tested on each area. 



E. Spread Measurements.  . . 
7 .  

On the morning of each test,  1% Hdltamine (a fluorescent mater ia l )  
was added to the VX solution, thereby permitting a visual measurement  of the 
a r e a  covered by the agent when viewed with an  ultraviolet-light source.  
Measurements  of spread  w e r s  made a t  1, 19, 30, 60, 180, and 350 min af ter  
application. 

F. Cholinesterase Determinations.  

In most  cases, clinical laboratory &terminations of RBC-.  whole- 
brood-, and plasma-ChE were  c a r r i e d  out simultaneously in  three  separate  
l abora t s r i e s  an aliquot portions of the same  venous blood sample.  On each 
subject, two control RB C-, whole-blood-, and plasma-ChE values w e r s  obtained, 
one during the man" initial medical screening and one on the day of the test .  
RBC- and plasma-GhE levels  were  determined by the modified ApH method of 
W c h e l ,  as repor ted  by Stubbs and Fa les .  Whole-blood-ChE levels  were  
measured  by the constant pH-electrolytic method. 3 In some instances,  RBC-, 
plasma-,  and whole-blood-ChE values were  also determined by a modification of 
the ~ e s t r i n 4  method. * 

After the agent was applied, venous blood samples w e r e  drawn 
every  2 h r  fo r  1 2  h r  and again a t  24 hr .  T&B schedule was rigidly maintained, 
sampling t ime rarely being more than 1 rninoff. schedule. The 24-hr samples  
w e r e  taken on the morning following exposure.  In some instances,  blood 
samples  w e r s  taken m o r e  frequently during the f i r  st 12- h r  period after exposure.  
M s o ,  intermittent samples  w e r e  drawn f r o m  several  subjects fo r  as Bong as 
9 days. 

Physiollogical Measurements.  

The physiological measurements  taken before and during each 
test (24-hr period) included pulse and re spiratosy r a t e s  and blood p res su re ;  
hea r t  sounds and bowel activity were  determined by chest and abdominal 
auscultation. Obse rve r s  were  also a l e r t  for  local signs, a s  well as those of 
per ipheral  and central-nervous- system .origin. 

* t 

-- 

f The re su l t s  obtained f r o m  the m o ~ f i e d  Hestr in  method a r e  used in  thisl 
repor t  only when data are not available for the ApH and the constant 
pH-electrolytic methods. A description of the modified Hestrin method 
will be included in  a subsequent - reper t .  
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LTS. 

Signs and Svmptorns oi VX Poisoning. 

The signs and symptoms exhibited by subjects after expoeure 
included local sweating, erythema o r  itching of the contaminated area ,  
weakness, r n u ~ c u l a r  fascieulatian, dizziness, headache, abdlominal cramps,  
repeated vomiting, and diarrhea,  Two subjects had mi la te ra l  mio sitll 
(figure 21, one after  receiving the agent on the forehead and the other on the 
cheek. Initially, se l f -eon tmina t im of the eye was suspected, but examina- 
tion of the eyelid revealed no evident t ~ a c e  s f  the labeled material .  In a 
subsequent test ,  one m a n  ware a bandage over the eye on the side of agent 
application and another man wore a bilateral eye shield. There was no missis 
in either case ,  This suggests the passibillity that vapor arising f rom the VX 
caused the rnjrosis seen in the f i r s t  two subjects mentioned. 

d -' 1 
Other than one instance sf orthostatic hypotension in  a subject on 

standing (BP = 1 OCI/6CI-40; PI3 = 1 ,261, no abgnifdcant alterations in blood 
preseure, respi ra tory  sa te ,  o r  heart  sounds were  observed. 

B, Effect6 on ChE Levels of Percutaneously Applied VX. 
7. 

t I 
ZmI 

To facili tate cornpariscan, resul ts  obtained on the 19 skin a r e a s  

I studied a r e  grouped into three divisions based an functional, anatomical, and 
histological differences. These divisions a r e  the following;: 

Extr emiti  
--- - 

the hand, 
e s  (elbow, poplitpal space, knee - 
dorsal  and klolajs surfaces of the  

I, dc 
: for 

.nd p 
and 

and plantar ~ t l r f acea  of the feet). 

Body [ abr 
regions)] 

domen, grain, buttscks, axilla, 
-: -.,;,,4 1.; .-- : -:. 

8 8  t C  

and 

Head and Neck (ear ,  cheek, forehead, top of head, and back 

Ml comparisons of effects are: based on the RBC-ChE when these levels a r e  
available; when they a r e  not available, whole- blood-GhE values a r e  given. 
Data on subjects who required oxima treatment  a r e  included In the tables 
and g r a p h ,  but i t  should be borne in mind that the increase  in  the 24-hr ChE 
levels of these subjects is attributable largely to  the effects of therapy. When 
the phrase 'kruxkrately severe? gastrointestinal symptoms" is used to  
describe a subject's reaction, it r e f e r s  to nausea, vomiting, and weakness. 
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FIGURE 2 

U N I L A T E U  MIOSIS RESULTING FROM VX VAPOR 

Exposure = 5 pg/kg drop on left cheek 



The phrase "minor symptoms and signs" refers  to headache, nightmares, 
dizziness, local sweating, and erythema or  itching of the contaminated area. 

. 1. Extremities, 

Table 1 l is ts  the average figures obtained when WX (20 to 30 Fbg /kg) 
was applied I ~ Q  the extremities (see table, appendix, for detailed data). The 
most sensitive of these a reas  appease to be the volar surface of the forearm 
and the pp l i t ea l  space. Twelve of the 22 subjects who received V X  on these 
extremity areas  had drops in  RBC-ChE level to 543$ of normal or less;  five had 
moderately severe gastrointestinal symptoms, and three required treatment. 

There was a slight difference in  the results when a 25 iug/kg dose 
of VX was applied to the ~ O P S W  of the forearm in a single drop and when i t  
was applied - as 5 discrete droplets. None of the four subjects who had the 
single-drop dose had a drop in RBG-CBnE to 5 m  of ncssrnal, but two of the 
four subjects who had the 5-droplet dose had a decrease in RBG-GhE ta 
5 W'o of normal or lees. Of the eight volunteers tested on the dor eum of the: 
forearm, one had moderately severe gastrainteetinal, a p p t o r n s  and three had 
minor eymptome and signa. 

There was a slight difference in the resultis when the agent was 
applied to the dor s m  of the e n d  in  5 droplets (20 pg/kg) and when it was 
applied a8 a single drop (30 pg)'kg), Mter single-drop appl$cationa, none of 
the four subjects had RBC-ChE depression of 5 ~ C I  and mane showed signs or 
s p p t o m s ,  but two of the eight subjlects who received the 5-droplet application 
(at the lower dose) had an RBC-ChE depression of at least 51 a amd 
these experienced moderately severe gastrointestinal symptoms. 

2. Body. 

The second portion of table I lists the average figures obtained 
when VX (10 to 20 j~g/kg] was applied ts the body a r ea s  (see table idappendix 
for detailed data). All area# tested appeared to be sensitive to agent 
penetration, with the abdomen being the most sensitive, Of the 38 subjects 
with neat agent applied to  the buttocks, back, groin, axilla, and abdomen, 
14 hacd an RBC-ChE depression of a t  least SO?~O within an aveTarge of 7 .6  hr, 
6 exper iencad moderately severe gastrsinte stinal symptoms, 9 had minor 
a p p t o m s  and signs, and 3 required treytment. It ~ h o u l d  be noted that the 
d o ~ e  applied Go the inguinal area was onlG half (110 p g E / k g )  that appmied to the 
other body areas, 
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TABLE l - 
EFFECT ON MAW DP PERCUTANEOUSLY APFLLED V X  

1Smllt Drap 06 VX Labeled With 1% H d m m h e )  

Skin area 

Forearm 
(vdar) 

Forearm 
(darm urn1 

rorearrn 
(deramm) 

Elbrra 

Ear, 
lobe, and 
pima 

- 
drop - - 

hr 

6 
(2-10) 

7 
(6-81 

9 
(8-nz) 

7 
(4-10) - 

7 
(4- 12) 



The last  portion of the taMe lists the average figures obtained 
when VX (5 to  20 pg/kg) was applied to the: head and neck a reas  (see table, 
appendix, far dekailgd 'data), . AltIk'ough the dose a of VX applied to  
these a reas  were, in most cases, ccansideralsly smaller than those applied 
to  the extremities and the body, 33 of the 40. subject5 (8090) had an RBC-CBE 
depression to at least  5  SO within an average of 5: 8 hr,  28 954(j') had signs 
and symptoms, and 8 (20010) required treatment. 

C. Effects of Beard Growth on VX Penetration. 

There was a very limited study of the effects of beard grawth on 
the penetration of YX. Fsr 6 to 910 days, four subjects allowed the beard to 
growj thew. 5 Bg/kg of VX was applied to the cheek, There did appear to be a 
slight difference between the results obtained in  these men (table 2) and those 
obtained In subjects tested on the cheek whe had shaved on the morning sf 
other tests  (table I) .  In the bearded subjectls, maximurn depreesion sf 
whole- bkmd-ChE was to 15% of normal within 9 hr; in the subjects exposed oa the 
slhaved cheek, r n a ~ r n u s n  depression of whole- blood-GkE was to 33.57a of 
normal in  8. 5 hr. Whale-blosd-ChE dropped 5w within 2. 5 hr in the bearded 
 subject^, and uzithin 5,8 hr in  the shaved subjects. The bearded cheek was 
alee  more  s en~ i t i ve  to petletrationthan other areas  of the head and neck. 

D. -- RelatiornsMp Between ChE Depres s i m  and Symptamatoloigy. 

Table 3 lists data ion a11 subjects who became 111. These data 
nubstantiate previous findings1 that in  acute experiments, the drop in 
RBC-ChE level is dire&ly carselated with symptoms. The median RBC-ChE 
level a t  the t ime of onget of symptoms was 3170 of normal. Of the 3 2  subjects 
who bad a maximum drop in ChE to 30% af normal o r  less, the 25 (7590) 
listed in table 3 became ill .  The median time to illness was 5 hr when the 
agent was applied to the bead and neck, 7 hr  when applied to the extrlernitdes, 

1 

and 10 hr when applied to the body areas, Application af YX ta the ear lobe 
produced ilLness in  tie 8hsrteot period of time [median is 4 h) even at the 
low dose of 5 j.tg/kg. Ntlaougln the dase applied to most aiE the head areas 
(5 to 10 pg/kg) was only one fifth ta ane half that of the doee applied to the 
other areas,  the median time t o  i l lness when the agent was applied to the car 
lobe ,  forehead, cheek, and tog of head was 4-5 hr compared with the median 
time t s  illnees at the higher doses (20 to 25 pg/kg) on the extremities and 
body of 8 hr. 
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TABLE 2 

Subject 

E F F E C T  OF BEARD GROWTH ON PERCUTANEClUSLY APPLIED VX* 
- - 

Time t o  

50% drop - 
hr 

2 

Signs and 

Vomited 10 t i m e s  

ausea  

omited four 
mes; weak 

Average 

- 

Treatment 

1 grn of P z S  in  
259 rnl of saline 
was iv in jected 

None 

None 

None 

* A single drop of 5 labeled with 1% Hil tadne ,  was applied to the cheek after 
a 6- to  10-day beard growth. 

** Figures  in parentheses indicate hours to maxinzm drop in ChE. 



REUTIOHSHIF BETWEEN CHOLIPJFSTERASE LEVEL AND MODERATELY SEVERE GASTRQWTESTWAL 
2 - 

Subject S&in ares 

Extremitiee 
Popliteal 

apace 
Adlr 
Forearm 

(deraum) 
Forearm 

(volar ) 

Hand 
(dersum) 

Body - 
Buttocka 
Bae k 
Abdomen 

Head and neck 
Err lobe 

Back af neck 

Forehead 

Cheek 

Fop of bard 

Over-all average 24 1/91 
h r - a l l m e d i a n  24 ( 7 )  

Time to onset of illness ChE level at t h e  of 
after exposure onmt of illne a s 

hr 

6 

b 
8 

6 

3 
2 11 
14 
8 - 

Median 7 

h 0 
8 

24 
14 
6 

Median 

4 
4 
3 
3 

18 
8 
8 
B 
5 

10 
7 
5 
7 

10 
4 
9 
5 
4 
B 
4 
4 
5 - 

Median 5 
8 
7 

% of normal 

3 1 

20 
31 

3 1 

12 
28 
38 
36 - 

Median 31 

24 
a a 
24 
2 7 
4 n - 

Median 27 

25 
2 1 
5 1 

<I10 
.<1Q 

38 
3 10 
3 7 
3 1 
24 
3 3 
24 
44 
35 
34 
68 
3 1 
34 
3 3 

5 
66 
42 - 

Median 33 
32 
3 1 

a/ Mauserr and vomiting - 
bl Vduea in parenthesea indicate hours  to r e k h  - 

maximu drop in ChE 
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E. Reactivation sf RBC-ChE After Inhibition by Percutaneously 
Applied VX. 

- I 
F i g u r e s  3, 4, and 5 indicate the spontaneous r e tu rn  of RBC-ChE 

in  six untreated subjects.  All but two subjects (195-60, 207-60) reached 
maximal  depression within 6 h r ;  th ree  appeared to  have a rebound and then 
dropped toward the original low level. Regeneration of RBC-ChE was  most 
rapid within the f i r s t  4 day8 and then ChE activity tended to recover  m o r e  
slowly. This  spontaneous recovery of ChE activity inhibited by VX is much 
m o r e  pronounced than that seen af ter  inhibition of ChE by most  of the G agents? 

P. Effect of Intravenously Administered Oxime, 

F igures  6 through 1 2  indicate the effect of intravenously adminis- 
t e r ed  oxkrne on whole-blood- o r  WBC-ChE. Ml subjects were  exhibiting signs and 
.symptoms, a n d a l l  had ChE levels of 31% of normal  sr below when PAM-C1 (Q5 to  5.0 gm) 
or P2S (1 gm)  was infused in  150 to 250 ml of normal  saline over a period of 
10 to  20 min. Weakness, fasciculations, s lurr ing of speech, dipkopia, and 
nausea usually subsided within 30 t o  40 min after oxirne and did not return.  

Previous studies of intravenous V X ~  have shown that 1 . 7  to 2 pg/kg 
of VX in  the blood s t r e a m  i s  necessary  t o  effect the level of CHE depression 
seen in  these subjects. A1,though no attempt was made to quantitate the 
effective dose of oxime, i t  would appear that the lowest dose of PAM-Cl 
(0. 5 gm)  would .be sufficient to  counteract 1 .7  to  2, 0 pg/kg in  the blood s t r eam;  
however, if the agent were  s t i l l  being absorbed when oxime infusion was 
completed, subsequent drops in  ChE level rnight be expected. This may be an 
explanation for  the drops in  the curves depicted in  f igures  6 through 12. 

G. Relatisnship of Spread to  Penetration Rate. 

Previous  work' suggested that the degree of spreading of the agent 
droplet is related to incidence of intoxication, the smal le r  the amount of 
spreading the g ~ e a t e r  the possibility of i l lness ,  o r  the grea ter  the penetration 
r a t e .  The spread readings used i n  that study, however, were  those made 
a t  B and 3 hr  af ter  application, and i t  was believed that ea r l i e r  readings 
might be more valid in  calculating penetration ra tes .  The current  study, 
therefore,  included spread measurements  at 1, B 0, 30, 40,  180, and 3 6 0  min 
af ter  agent application, and a s tat is t ical  analysis w a s  undertaken to  determine 
the regress ion  coefficients of drop in ChE per  minute vcr sus eaPculated 
penetration ra te  a t  the l o - ,  60-, 180-, and 360- mln intervals .  
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EFFECT OF V X  ON CHOLINESTERASE 

Dose of 10 pg/kg applied to forehead 
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D ~ r a  A r ~ c n  A P C L I C I T I O U  

F I G U R E  4 

EFFECT OF VX ON CHOLINESTERASE 

Dose of 10 pg/kg applied t o  forehead 
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FIGURE 5 

EFFECT OF V X  ON CHOLINESTERASE 

Dose of 10 pg/kg applied to forehead 
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FIGURE 7 

EFFECT OF OXlME ON CHOLINESTERASE DEPRESSED BY PERCUTANEOUSLY APPLIED V X *  



EFFECT OF OXlME OM CHOLUMESTERASE DEPRESSED BY PERCUTANEOUSLY APPLIED V X  



F l GURE 9 

EFFECT OF OXlME ON CHOLINESTERASE DEPRESSED BY PERCUTANEOUSLY APPLIED VX 

FOUO W 22656 





FIGURE 11 

. EFFECT OF OXIME ON CHOLINESTERASE DEPRESSED BY PERCUTANEOUSLY APPLIED V X  

FOUO 22658 



FIGURE 12 

EFFECT OF OXlME ON CHOLINESTERASE DEPRESSED BY PERCUTANEOUSLY APPLIED V X  

FOUO W 22659 



could be computed by using the following formula: 

' *  11 - -. . - - -  Amount of agent genet* s k  
(Axed crpii&a TTiGe of' exposure) 

Since the size af the &ma expcistd was changing (becauae of drop epread a r  
contraction), the curnulativs praduct of area elrpssd x tirm of ft re  WBB 

calculated. By sxtrap~lating from the previous iestlimats that 1 p of VI)(: 
has enterad the blood s t r e a m  when a CkESO ie reached,6 the arn~unt  of B 

penetrating was calculated, 

The eignifisance of the regresaiorr coefficiente thet rwaultid from 
thie analysda a r e  listed in table 4. There is excellent agreement: among the 
eignificance of these coefficients far 9 B G  -, plasma-, and whn3ls-blarsd- GhE 
for each time ~ f f  reading. ' f h e ~ e  data show that the earlier the measwarnant  ~f 
eprcad was taken, the mare reliably the calculated p$rn$rfrat%tm rate predicted 
the rate of chalinesteraee drop Thio euggests that the sisc r;rf the area cavsrsd 
by agent ie a gaed predictor of penetration rate shortly aftw expaerare, but a 
poor predictor as time prQgroes ts .  

H. Froibit Dose-Reeponse Slope for VX Applied ta  Vdar  Farea~armclfhjlan. 

The prabit doee-raaponee s l a p  for tfX applied to the valala Faraarm 
was calculated by the method of ~ l i ~ s ?  for  each of tho three blood companontr 
(RBC, whola blood, and p l a ~ r n s ) ,  The data used were those reported by 
Sim and ~tubbsl on CbE depression after application sf 9, 10, 15,  201, and 
35 pg/kg of VX to the volar f o r e a r m  and the current data on 20 yg$kg applied 
to the same area. The values that resulted are ahom in table 5 .  

I. Psrcutansous Dose of VX Necessary to Produce s ChESD, - - 

The probit dose-reaponwe slopes l isted in bbltl  5 ware agrreumad 
to hold far application of VX to all s i t e s  an <he body. * From &eras glapea 
and the recorded ChE levels for l ea~h~bsdy  tirite, the daee neceeaary to 
produce a ChE30 in each of the blood compenente was estimated* Theae 
doslaa are l is ted in rank order in table 6. ** In every instance, ths! a;heek, 

g, See Biaeussion far the effect of thia assurnptisn an ~btl~tdbtians, 
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TABLE 4 

SIGNIFICANCE OF REGRESSION COEFFICIENTS O F  DROP IN CHOLINES - 
- . -  

(As Predicted by Their Associated Correlation Coefficients) 

Time spread measurerne:lt 
taken after application of ,>,b ? -en, 

- 

Correlation coefficient 

* Statis t i c a l l y  significant. 

TABLE 5 

PRIOBIT -DOSE RESPONSE SLOPE FOR VX APPLIED TO THE 
WULAR F'OREBRM OF MAN 

Blood component 
- - 

p- 

RBC 

Plla s m a  

Whole blood 

Daae for 1 Probit  - d m  e 
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I 
$ I Area of 

application 
1- 

I. Cheek 
,& 2. Ear 

- 3. Top of head 
. 4. Forehead 

5. G r  ~ i n  

6 ,  Back of neck 
1 7. Axilla 

8. Popliteal 
rpace! 

9, Abdomen 
' 110, Elbow 
I 

i 11. Back 
: 12. Forearm 
I Qvdar)  
j 13. Hand 

(do r s urn) 
14. Forearm 

(dors u m )  * 
I 15. B W O C ~ B  

I 16. F o r e a r m  
(dor s urn) 

17, Feat  
(dore urn) 

18, Foot 
(plantar) 

19. .lx.rlee 
20 .  Hand 

(palmar) 

- -  * Applied as 5 die 

Area of 
application - 

1. Cheek 
2;. Ear 
3, Forehead 
4. Top of head 
5, Back of necE 
6 .  Pop?@eal 

space 
7 .  Groin 
8. AxiUa 
9 .  Elbrrw 

.9 .  F o r e a r m  
(valar) 

.1 .  Abdomen 

. 2 .  Back 

.3 .  Forearm 
(dorsum) * 

.4. Buttacksr 

.5. Ekec 

.7. Faat. 
(plaht ar) 

.%. Haad 
(palmar) 

.9. Foot. 
(doraurn) 

blaod -- - 
PP/%~ 

5,9 
6.0 

€2 .6  
16.0 
27.8 
3 0 . 5  

32.0 
42.3: 
46.4 
50. 0 

51.8 
5 6 . 3  
6 1 . 8  

84.0 
1541.0 
164. 0 

217.1) 

233.0 

306.0 

Area  of 

I. Cheek 
2 .  Ear 
2, T op of head 
4. Forehead 
5 .  Graim 
6. Back of neck 
7. Pf3pPite;Lf 

space 
8. Hand 

(dar s urn) * 
9, Abdomen 
10. Forearm 

(do s a urn) 
I I: Axilla 
12,  Forearm 

" (vg6ar) 
13: Back 
14. Foot 

(dors um) 
15, Forearm 

(dorsum) * 
16. Hand 

(palmar) 
17. Foot 

(plantar) 
18. Elbaw 
19. KMSS 
20. Hand 

[dor e urn) 
21. Buttocks 

U 1 
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e a r ,  forehead, and top of head required the leas t  amount of percutaneously 
applied VX to produse a ChE30. 

J. Estimated Penetrat ion - Rates  of VX From Different Skin Sites. 

1. Based on Recorded CkE Values. 

Depression of ChE observed in the cur rent  studies was used to  
es t imate  the total  amount of VX that penetrated (assuming the weight of subjects 
was T O  kg in all cases) ,  using the following formula: 

Probi t  OJo ChE = a t b log dose 

where 

a = intercept  

b = slope 

Aasuming f r o m  intravenous studies6 that I pg/kg of VX has  entered the blood 
stream when a ChE50 is reached, and substituting 5 ,  9010, the probit f o r  
50% ChE, 

5. 0100 = a + b log / I )  

5.008 = a + b (0) 

a = 5 .  000 regard less  of the slope 

and 

Log dipse = 5. 000 - probit v0 ChE 
Slope 

The product of period of exposure (in minutes) x a r e a  cavered 
by VX (in square cent imeters)  w a s  accumulated a t  several. t imes  to obtain the 
asea under the curve of t ime x a f e a ,  Since the units of this product a r e  
square cent imeter  minutes,  dividing the total amaunt of agent that penetrated 
by the product of t ime x a s e a  gave the estimated penetration ra te .  The values 
derived a r e  l is ted in rank o rde r  of penetration r a t e  in  table 7. Top of head, 
ear,  cheek, and forehead weye again the most  sensitive to penetration. 
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2. Top Bf 
hssd 

3. Cheek 

Penetration 
r a t e  

m i  

a.& 

a .a& 

0.133 

0.108 

0 

a .Q&l 

0.079 

0.035 

a .o& 

0.922 

0.018 

0 , O U  

0.0059 

0 .mqq 

Q* 

9.001 

Q.0068 



2. Based on Per Cent Symptoms. 

Penetration r a t e s  based on the cri ter ion sf ger  cent symptoms 
were  calculated where possible. The calculation was similar to that fo r  
penetration r a t e s  basled on recorded RBC-ChE values, the only difference 
being i t  was assumed that a ChE30 had been reached (and 1.71 pg/kg of VX 
was in  the blood s t r eam)  when 5!Y$n of a group exhibited symptoms. The 
predicted penetration r a t e s  a r e  shown i n  table 8. The head and neck a r e a s  
again a r e  the most  sensit ive t o  penetration. 

DISCUSSION. 

This  study ~ n d l c a t e s  that there i s  individual variability i n  
susceptibility to  per  cutaneously applied VX, and there  is a l so  a variability 
in  penetration f a t e  that depends on the anatomic s i te  to  which the agent is 
applied. Table 9 showlr t&t whether drop in  ChE o r  toxic syrnptomatology 
is considered, the head and neck a r e a s  a r e  the most  senssitive to percutane- 
ously applied WX. More than half t h e  subjects who received the agent 
(5  to 20 fig/kg) on the head and neck a r e a s  exhibited gastrointestinal 
disturbances ranging f r o m  nausea to repeated vomiting and diarrhea,  while 
only 870 of those exposled on the extremities (20 to 30 iug/kg) and 16% of those 
exposed an  the body (10 t a  20 pg/kg) became ill. This evidence fur ther  auggeats 
that although the percutaneous-to-intraven0u.s dose ratio fo r  a ChE3O is 20:P 
for the v o k r  surface of the forearm, it is 5:2 f o r  the ear and face.  

The: finding that the head and neck a r e  extremely penetrable i s  
part icular ly relevant t o  the design of protective equipment, emphasizing the 
necessi ty  of an effective covering fo r  the head and neck. It fur ther  emphasizes  
the meed fo r  effective decontamjnants and decontamination procedures.  

The est imates  of penetration r a t e  and per  cutaneous dose of V X  
necessa ry  to produce a ChE30 a r e  by no rneans.pt.ecise. They a r e  submitted 
o d y  as being the best es t imates  possible f r o m  the data now available, One 
source of e r r o r  i n  the computation8 was the aasurnption that the probit 
dose-reaponse slope f u r  VX applied to the velar surface of the f o r e a r m  was 
a l s o  the slope f o r  all other sites on the body. This is contradictory to  the 
finding that ChE depression and toxic syrnptomatollogy vary in  severity f r o m  
one s i te  on the body to a n o t h e ~ ,  and the reasonable illfereuce that this re f lec ts  
a variation i n  penetration rate. To obtain a t rue  probit dose-response slope 
fo r  each  skin s i te  would requi re  the exposure rsf severa l  subjects to  different 
doses  on the same si te ,  repeated for  all. 19 s i tes  studied. Considerable t ime  
and effort would be involved. Future studies will. be designed to provide 
data  for the calculation of a probit dose-response slope for  the least sensit ive 
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TABLE 8 

ESTIMATED PENETRATION RATE QF PERCUTANEOUS 
T 

OF SUBJECTS WITH SYMPTOMS 

Area 

Ear 
Forehead 
Top s f  head 
Cheek 
Back of neck 
Forearm [velar) 
hi l la  
A bdornen 
P~pl i t ea l  space 
Buttocks 
Back 

Estimated total Area x 
penetration. of VX I time 

Penetration 
rate 

/.qg/sq cm min 

a. 49s 
0.318 
0,203 
0.183 
0, 070 
0. 037 
0,032 
0 , 0 1 7  
0.1017 
0. 0112 
0. 008 

TABLE '3 

Extremities 
Body 
Head and neck 
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and the mos t  sensit ive a r e a s .  Then a m o r e  valid extrapolation of the 
intermediate  slopes can be made. 

It is believed, however, that es t imates  of penetration r a t e  and 
dose necessa ry  to  produce a ChE30 a r e  conservative f o r  those s i tes  that 
were  relatively m o r e  sensit ive to  penetration than the volar surface of the 
f o r e a r m .  F o r  those s i tes  that were  relatively l e s s  sensitive, not only does 
the slope used introduce significant e r ro r ,  but the fact that very l i t t le G h E  
depression occurred  a t  the dosages used made almost  meaningless the extra-  
polation of the ve ry  flat slope to a dose where ChE depression w o d d  be 
significant. These est imates  are included in this  report  only to  show, regard-  
l e s s  of the assumptions made, the relative o rde r  of sensitivity to penetration 
by Y X  was essentially the same  in every calculation. 

It was a l s o  found that whether the cr i ter ion for calculating 
penetration was actual G h E  depression o r  onset of symptoms, the r e su l t s  
were  the same.  Thi s  would yalidate the previous assumptions t h t  ChE 
depression and a ymptoms are directly correlated.  

Although RBG-GhE depression has  been the basis for  most of the 
observations made in this  repor t  and the correlation between RBC- and whole- 
blood- ChE levels  has not been statist ically analyzed, a comparison of the 
values l is ted i n  the appendix reveals  that the appendix pe r  cent of whole-blood- 
ChE depression ckosely paral le ls  per  cent af RBC-ChE depression. This 
suggests that if a rel iable  method for determining whale-blood-ChE were  
incorporated in  field k i t s ,  resul ts  would be as good an  index of poisoning as 
m o r e  complex methods sf measuring RBC-ChE. 

Two clinical observations should be discussed. The f i r s t  is the 
indication that a sma l l  amount of V X  (5 yg/kg) can produce sufficient vapor 
to cause uni lateral  mios is  when the contamination is on the face,  In the 
three instances of unilateral rniosis, sweating of the a r e a  of application was 
observed, In other instances when VX was applied t s  the face and no sweating 
was observed, mios i s  did not occur. 

The second observation is that relatively rapid penetration of the 
agent (5 hr) with a resultant rapid fall. in  ChE activity was associated with 
more severe  syrnptomatology than slow penetration (1 0 hrpl, even though 
total  drop in ChE was almost  the same.  An explanation l o r  this m a y  b e  that 
metabol ism and destruction of the agent are l a rge r  fac tors  in  the Banger t ime 
intervals .  It must  be  s t r e s s e d  that this observation pertains only to  
percutaneous application of VX, because time/dose/effect relationships have 
not yet been firmly established i n  m a n  for  sublethal doses of VX o r  G agents 
by the intravenous and inhalation routes. 
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V. CONCLUSIONS. 

The following conclusions were  reached: 

1. ChE depression by  sublethal doses of VX and incidence 
of sympfoms a r e  directly correlated. 

2 .  There  is a difference in sensitivity to penetration by VX of 
various body s i tes ,  the head and neck a r e a s  being the most  sensitive. 

, . 3 .  The m o r e  rapid the penetration ra te ,  the m o r e  rapid is the 

onset of toxic signs and symptoms. 

i 4. Oximes appear to be effective in the t reatment  of VX 
intoxication. 
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0

0

C

0

TARKE

Surface area co~ered RB0 Plasm Whole blood
Subject Race Age ~elgh~ by agent

, ¯ Max£m~ drop to Haxlm~ drop to ~um drop to At 24 hr

EXTREMITIES

77°60 ~4 24 79
78- 60 N 20 63
79-60 W 22 74

80-60 W 21 $3
81-60 W 28 73

82-60 N 20 60
83-60 N 21 94
94-60 W 18 68

1-60 W 21 75
2-60 W 22 78

19-89 W 21 80
23-59 W 21 80
33-60 W 21 73
34-59 N 29 93

Average 76

87-60 W 24 [ 86
89-60 W 21

I 72

91-60 W 23 70
92-60 W 2~3 71

Average 23.25 74.8

96-60 N 19 67
97-60 N 25 72

99-60 W 23 102
100-60 W 21 69

Average 22 7.5

255-60 W 21 89
256-60 W 18 75

10-61 W 22 71
1-61 W 43 72

13-61 W 31 94

Average 26 76.5

182-60 W 20 [ 84
186- 60 W 24I 84
189- 60 W

22    21

85
I99"60 N 53 79
183-60 W 19 65
184-60 W 20 83
185-60 N 63
lg7-60 N ;24

Average 23     78.5

137-60 W [34 64
138-60 W 122 66
139-60 N 3~3 94

Average 128

30-60 W 29 70
31-60 W 21 65
32-60 W 18 60

33-60 W 32 71
34-60 N 28 73
35-60 N 18 70
36- 60 N 20 76

Average 123,5 ,6

2-61 N 23 75
19-61 W 19 64
9-61 W 25 89

20-61 W !35 64
257-60 W 23 I01
258-60 W 2--0 66--

Average 24     76.5

224"60 W 20 / 54
223-60 N 19

I     70

234-60 W 19 70
235"6(3 W 21 59

236-60 W 20 84

227-60 W .~8 ~2

174-60 N 19    2152
176-60 W 18 71
178-60 N 23 61

175-60 N 19 65
177-60 W 21 69
179-60 W 17 69
181-60 W -- 6__7

Average 19 6 64.8

165-60 W     J’ 28 74
170-60 W 19 69
171-60 W 25 68
167-60 W 21 62
166-60 N 32 73
172-60 N 24 76
173-60 W 20 70
168-60 W 2__5 7.!

Average 24.2 70.5

10.3~ 13.1 J, +2.8
9.01 i0.I[ +1.1
9.21 10.61 +1.4

16.2J 17.0 J +0.8
7.81 8.0 l +0.2

8.81 s.01 +l.o
7.61 11.2 J +3.6

ii.2~ iI.6[ +0.4
13,5l 10.5 I -3.0
16.3~ 13.9 ] -2.4

2.21 7.61 +5.4
2.6l 5.91 +3.3

0.691 0.21 (12)
o.62l 0.52 (12)
0.64[ 0.12 (12)

0.731 0.54 (8)
o.881 0.19 (2)

0.72I 0.63 (8)
0.681 0.1g (8)
0.79~ 0.70 (8)
0.73t 0.21 (12)
0.72~ 0.27 (12)

0.99I 0.63 (Ii)
0.911 0.39 (8)
0.801 0.70 (11)
0.901 0.65 (8.../_)

(9.4)

30
84

74
22

88
28
89
29
38

64
43
88
72

12.9 14.8 [ +1.9
13.3 16.0[ +2,7

. 13.2 I +3.__6

+3.9

0,71 0.52 (i0)
0.82 0.69 (8)
0 83 0.63 (I0)0:67 0.52jU.~

(9.5)

73
84
76
78

78

12.91

15.9 j +3.0Jj 0.781 0.71 (8)
16.6 18.4 +1.8 0.75l 0.18 (10)

39 4 +8.031.4

+~’7I

0.87l 0.51 (6)
19.8 2117 +1.9 0.621 0.14(12_~.)

(9)

24

25

49

20 ~g/kg. single drop, percutaneous application on forearm (polar)

0.23 36 0.88 0.66 (8) 75 0.68 77
0.52 84 0.71 0.67 (10) 94 0,71 100
0.19 30 0.81 0.42 (12) 52 0.51 63

0.41 56 0.77 0.70 (I0) 91 0.68 88
0.40 46 0.81 0.37 (6) 46 0.50 62

0.55 76 0.94 0.74 (8) 79 1,00 106
0.20 29 0.66 0,52 (8) 79 0.50 76
0.66 84 0,60 0.53 (3) 88 0.70 117
0.25 34 0.65 0.58 (i0) 89 0.62 95
0.26 36 0.68 0.56 (i0) 82 0.48 71

0.60 61 1.00 0.63 (i0) 63 0.87 87
0.23 29 0,81 0.74 (7) 91 0.71 88
0.74 92 0.51 0.39 (5) 76 0.63 123
0,70 78 0.70 0.44 (4) 63 0.83 120

55 (7.9) 76 91

25 ~/k~i single drop~ percutaneous application on forearm (dorsum)

0.42 59 0.87[ 0.62 (10) 71 [ 0.66 76
0,66 80 0.891 0.78 (4) 84

J         0.63

71
0.64 77 0.91J 0.55 (I0) 60 0,50 55
O. 32 4--8 O. 681 o.44 (~0) 68 O. 30 4--6

66 (8.5) 71 62

25 B~/kg, 5 drops, percutaneous application on forearm ~dorsum)

0.78 I00 0.91 0.79 (4) 87 0.97 107
0.23 31 0,79 0.59 (6) 75 0.57 72

0.51 59 0 81 0.60 (6) 74 0.79 98
0.20 3--2 0[49 0.38 (12~) 78 0.39 80

56 (7) 78 89

20 ~/k~, single drop~ percutaneous application on elbow

6 40.4f {30.8% (8) 69 27.7t 69
36 45.3# ]40.6T (I0) 90 ~0.0# 88
82 85,3#J83.1% (8) 97 ~6.9~ 102

25 62,2#154.4% (12) 87 51.6% 83
- 54.4% 130.0� (a_!_) 9~ s3.1% 9_~
37 (9.1) 87 88

20 ~/kg, single drop, percutaneous application on hand (palmar)

0.82 112 0.64 0.58 (2) 91 0.70 109
0.79 96 0.95 0.77 (4) 81 0.79 83
0.78 122 0.46 0.43 (12) 93 0.52 113
0.74 117 0.61 0.47 (8) 77 0.50 82
0,76 110 0,81 0.62 (6) 77 0.91 112

0.68 0.73 (8) 107 0.63 930,87 112

0.77
0 70 109 0.77 0.58 (i0) 75 0.57 74
0[69 9~9 0.55(10) 7_~.1 0.70 9._[1

110 J     (7.5) 84 95

30 mz/kg, slnRle drop% percutaneous application on hand (dorsum)

0.67 96

0.75

84 0.81 990.82 0.69 (2)
0.75 106 0.91 0.87 (4) 96 1.14 125
0.75 104 0.97 0.79 (4) 81 0.95 98
O. 64 8_._~5 O. 70 (6) 9--3 O. 78 104

98 J      (4) 89 107

20 k~/kg~ 5 drops, percutaneous application on hand ~dorsum)

0.51 66 0.77 0.i0 (i0) 13 0,80 104
0.32 40 0.77 0,60 (i0) 78 0.74 96
0,39 45 0,67 0.51 (i0) 76 0.66 99
0.13 21 0.73 0.41 (i0) 56 0.44 60

0.41 54 0.69 0.58 (I0) 84 0.77 112
0.41 54 0.69 0,58 (i0) 84 0.77 112
0.51 61 0 66 0.53 (I0) 80 0.73
0.21 2--7 0[74 0.65 (8) 8~8 0.70     9__5

46 (9.8) 70 99

20 ~g/kR, single drop, percutaneous application on knee

88.8% 93 87.2% 5.9+ (2) 99 }8.8% 102
92.2+ 82 85.3% 3,1% (2) 97 }6.9% 102

41,5% 83 46.6% 3.6% (4) 72 ~6.6% i00
32.6¢ 69 35.7% 4.1t (lO) 96 }5.7% I00

77 (4.5) 89 98

20 ~s/kg~ single drop, percutaneous application on popliteal space

3.01 6.7
3.2l 7.0
2.5i 5.5
2.5[ 4.6
2.41 5.2
1.81 3.8

+3 7    50 6~ 18 3t (8) 36 2.8%
+3.8 J 46.%J28.0% (12) 60 16.7%
+3.0 ji13.1%188.1# (12) 78 92.2%

+2.8    $0.9~ 25.6% (12) 28 23 I~
+2.0 86.9%125.5% (~) 2~7

+2.9 ~ (10.4) 46

2.71 9.6 +6.9 0.73 J 0.68 (4)
5.8 +4.3 0.82 J 0.73 (4)
5.7 +3.22.51 0.64 0.59 (6)
5.3 +3.22.11 0.63 0.62 (6)
4.5 +2.81.71 0.69J 0.65 (6)
4.4 +2.81.61 0.78| 0.73 (4)

1.9[ 4.6 +2.7 0.64| 0.54 (4)
7.4 +5.2

J
2.2l 0.70 0.58 (6)

!     (5)

7.81 10.4

7.01 10.4
5.91 9.2

+2.6 0,70 [ 0.69 (6)
+3.0 0.71l 0.66 (10)
+3.4 0.72J 0.75 (8)
+3.3 0.751 0.61 (8)

+3.1 (8)

99
93

104
8_~
94

74,1 77.8 +3.7 0.77l 0.50 (i0)
93.7 99.4 +5.7 0.801 0.57 (I0)

lO1.7 108.1 i +6,4 0.86[ 0.55 (lO)
77.4l 81,4 I +4.0 0.61[ 0.II (i0)

84.41 88.9 4~.5 [ 0.761 0.51 (i0)
86.9[ 85.6 -1.3

I

0.76~ 0.51 (10)
94 21 103.5 +9.3 0.83l 0.60 (8)
69[0 68.3 -0.7 0.77) 0.20 (10)

+~.95 (9.7)

64

67
67
72
26

56

3,0[ 6.2
3.51 6.0
4.2| 9.9
3.81 9.9
4.1| 10.8
3.21 6.2

+3.2
+2,5 95.9%1 ’1.9~(6)+5,7 8.1%(12)
+6,1 6.6% (I0)
+6.1 50.0% 3.5% (12)
+3.0 47.2%

’+4.4 (lO)

96
78
76
87
95

86

3.41 11.6 +8.2
2.9i i0,2 +7.3
3.21 8,5 +5.3
2.8J 6.5 +3.7

4.2t
13.3

3.5 10.9 +7.4
3.61 10.5 +6.__9

0.77 0.64 (I0) 83
0.701 0.23 (12) l 33
0.76J 0¯20 (12) I 26

o.7olo.o7(4) 11o
o.751 0.32 (12) I 43
o.~z|o.z9 (zz) 1 21
0.94| 0.65 (12) J 69

o.831o.5o(lo) j ~o
#     (lO.5)1 45

84
72
83

84

84

3.6j 6.9 +3,3
1.9l 3.0 +I,I
2.01 4.4 +2.4
2.71 3.0 +0o3
3.8J 6,0 +2.2
2.7,

lO.O~:o,I+8"12.0 l +1,8
2.6l +1.4

+2.6

0.76 0.67 (12)
0.73 0.63 (6)
0.85 0.74 (12)
0.73 0.62 (12)
0.70 0.60 (I0)
0.84 0.72 (I0)
0 69 0.65 (6)£76 0.60 ~

(I0)

88
86
87
85
86
86
94
79

86

0.64
0.25
0.24
0.44

0,32
0.26
0.43
0,42

83 0.~ 0.60 (12) ~ 94
36 0.69 0.54 (12) I 78
32 0.80 0.51 (12) J 64
63 0.75 0.~ (6) I

55

43 0,73 0.43 (12) J 59
38 ~81 0.40 (12) [ 66

5~ o.so (8) 5~
49 (10.25) 65

0.60 94
0.57 83
0.45 56
0.41 55

0.48 66
0.45 74
0.50 34
0.45 53

64

0.57     7~5 0:80 0.75 (~0)     9_~4     0.76     9_~

6.7 2.7 (i0)
6.1 4.6 (12) :
6.7 1,2 (6) i

6.7 4.8 (8)
6.7 1.7 (I0)

6.1 4.3 (6) I
5.1 1.4 (8)
6.3 4.9 (g)
6.1 1.6 (12) 27
6.0 2.4 (I0) 40

6.2 4.4 (8) 71
6.7 2.0 (5) 30
4.4 4.4 (5) 1006.2 5.0 (lO--) 8_~

(8.~ 54

5.2 4.0 (10) 77
6.2 9.2 (10) 84
6.5 5.9 (6) $5
5.5 4.3 (I0) 7-8

(9) 81

6.7 4.5 (lo) J 67
4.8 1.4 (12) 4~0

(9.5) 57

5.6 I 1.8 (8) I 32
4.8 3.0 (8) J 636.8 4.1 (12) J 60
6.2 4.5 (12) I 73
5.6 2.3 (12) J
4.5 1.9 (8) 4--2

(i0 52

5.7 [4,6 (8) J 81
6.3

J 5.7 (6) j

90
5.7 5.5 (8) [ 96
6,0 5.1 (I0)I 85
5.5 5.2 (12) J 95
6.3 6.3 (-) I i00
5.4 5.1 (lO) J 94
5.7 5.1 (i0) 89

(8) 91

~0 46% (2) [ 92
}3 51T (8) ] 96
~5 SO# (2) 91
)2 &8% ~ I 9--2

(5) I 93

4.7 4.1 (4) 87
5.4 5.4 (-) I00
6.7 4.2 (12) 63
5.7 4.5 (6) 79
5.2 4.3 (8) I 83
4.5 4.0 ~I 8_~

! (8) I 84

5.8 4.2 (10) 72
3.2 1.6 (I0) 31
5.3 1.1 (10) 21
5.3 13 (6) 25

6.0 2.1 (12~ 35
6.5 0.6 (12) 9
6.3 3,9 (8) 62
5.0 2.8 (lo.__! 5_~

(8,75) 39

5.0 4.8 (i0) ~ 96
5.5 ;.5 (-) i00
5.6 5.0 (4) 89
7.0 5.8 (6) I S3
5.5 5.2 (1o) [ 95
5.0 4.7 (8) J 94
5.7 5.6 (4) J 985.6 5.2 ~ 9-3

(6.9) 94

5.6 5.1 (12) I 91
4.8 4.6 (2) I 96
5.7 5.2 (6) [ 91
5.0 5.0 (-) i lOO
5.5 4.4 (I0) I 80
5.2 5.3 (4) I 102
5.0 4.7 (2) J 94
5.5 3.6(12)

(6.8)    90

40 I 2.4
75 5.3

72 4.3
25 2.9

69 4.4
28 1.2
78 , 5.0

3,7
3.6
4.7
4.9

3.0 I
5.2
5.5
3.5

5.5

3.7

4.8
3.9

5.5

6.3

51%

52+

Local and systemic signs and
symptoms and treat~nt

35 None
87 None
25 Nausea; weak; administered

~mg of atropine im

58 None
84 None
85

~light headache6__3 one

73

98      iNone
23     Weak; weird dreams; increased

bowel sounds; administered
4 mg of atropine im

56 Headache
31 Nightmares

52

25 None
40 None
71 Itching of spot

3g
3...~a     H

96     None

102 None
98 None
95 None

Irons
None
None
~adache; nausea; administered

Z. mg
None of atropine im

4.5 96 None
5.4 i00 None
4,3 64 Spot itching
4.2 74 None
5.0 97 None
3,0 67 None

93

4.4
2.2

3.5

2.7

3.9

76 Spot sweating
40 None
32 None
66 V~Ited twice; 0.5 ~m of

15 N~ne

-__

- None
7 0         125 None
7.0 I00 None
- J - None
- - None

5.7 I00 None
4.8 8--6

103

5.6 I00 [Spot sweating
4.8 I00

J        None

5.7 I00 None
5.0 i00 None
4.9 89 Spot swestlng
5.7 II0 None
4.9 98 None
5.1 9-3 Spot sweatlng

99



Local and ~ y r r t w i r :  a igne  andl 

BODY -- 
157-M) W 
151-60 I I 

nnae 
Headache: s p a t  i t c h i m .  

None 
NauSea: v r n i e ~ ~ g .  m a t i n g ,  
adnrnlarered &nth ine  Bsaoide L5 mg or-l?y a* Pro- I*- 

cramps. administered 2 n i ~  o f  
atrnpine is 250 ml In  ~r and a-line 5 gn Lv  o f  PLY-C1 

Wane 
Profuse a p t  meatiog 
None 
K y c h a a ,  apar amearin8 

1 55 1 16.25) l  78 1 8 1  

10 pglkp, s i n g l e  drap, percursneeus a p p l i c a t i o n  on g r o i n  

Bone 
none 
Nane 
None 
Nane 
H m e  
None 
Nane 

U) pglkg, s i n g l e  drop, prrcutaoeous - spp1Lcation on arilla 

Hane 
Vanited 13  t h s ,  a d m l n i ~ t e r ~ d  
3 grn of PAM-C1 Ln 400 m l  of 
saline iv 
Mightmslres 219-EJI I W 1 2u 76 I I.3/ 

Average 21.3 73.3 I 51 I ( (7) 76 / 1 78 

20 pglkg,  s ing le  drop, percutaneous a p p l i s a t l o n  u ~ r  Ibdlroen 

0.40 I 58 1 0.741 0.71 18) V w i t e d  seven c h s ;  o h f a -  
i she red  1 em alt PIW)-C1 Lo 
250 m1 ef s.lime i v  
Nane 
V m i r e d  cwloe 
Mone 
mane 
Headache 
Vomited c u i r r ;  leak; nausea 
Pi rey ;  nighcneres 

HEAD A N D  NECK -- 
140- 64 

141-66  

- 

Vmitcd t h e e  rlnes; nnueen; 
d k r y ,  hyput-naiun 
aLeasy a t m c h ,  sluggish, 
vomited twice;  h e a ~  head 
Nausell, s t a n ~ c b  a r b ;  vrmiting 
Vomired 10 rlmm ( a t t r ibuted  
tor apprehsnsica. rather than 
rgeut) adminiatertd 1 an b£ 
?AH-C.1 t a  500 nl  n i  aalYnc i v  
none 
vomited tuicr, musea, d i r ry  
Sane 
Vrrlnited tw ice ,  shaky, pa le ,  
li8hthesded. pralurc spac 
seat ing;  a h i d a r e r e d  2 mg sf 
rtrpplns im snd 1 gm of I'M-Cl 
10 250 la1 of e a l i d e  i u  

1.7 (10)  

2 . 0  (LO) 

1.7  (8)  
2.0 (LO) 

10 a J h ,  s l n a l n  drop,  persutaneews ~ p p l l o a t 4 o s  04 forelred 

1 Spot  S"dti"8 
Spar s ~ e r l n g ,  herrbcbe; 
muse:= 
Vemited aarc, duzay. Ic f t  
pupil  canmrrteced; Lurigue; 
s p o t  *~@"trns 
Spot  ire at in^; nauraru, Q1rn.y 
Headache; drcsas 
V m i L i ~ s ,  ~ ~ i B h t r m l t l s  
xma 
V w i L d  aiix ti-a; muse.. 
*a&, 8 p . d  m e a t l e g  

5 ~ g / L g ,  alngie drop,  pereuteneoun a p p l l c a t h n  an top of  head 
- 

none 

None 

1 None ayzxy,  mpot i tching, -ired 

once. headache 
Dizzy 

5 uglkg, s i n g l e  drap, pelsUEIneous eppllcariaol  oo check 

none 
Nwen ta ry  perslyain 
Spot  sweating;  mueea, 
vanlted trice. dizzy 
Plrreaciw; wemk; direp; 
administered 0.5 gm of 
PAM-Cl i n  9 m l  of maline 
(2.68 n) i v  
80ne 
Nlghmares .  vomieed 8 c l a e s  
Nwne 
Constriceed r i g k r  pupll. 
hands numb; tired; neuaea, 
pale 

4 P & / @ ~  e l n g t e  drop, percutaneaua a p p l i c a r i a n  an ear 

29.1 32 105.3 95 (LO) 90 95 90 
8 0  68.4YP2)  86 6 8 . 8  86 

50.6 55 94.1 18 8 (8) BL 83.9 91 
83.L 95 77.8 4 7 , s  (10) 6 1  66.3 85 

- 90.s €4.9 a 3 

None 
Lighchcadedncea, dizzy. csunpa, 
"amiced aeven rimas; a d d r  
i n t e r s d  i n  10 m1 1 9f ~ r n  s 1 1 d  sf P J i.v (2.07 tQ 

M a z y ;  vmdzed Five rimes: 
d d n l s t e r e d  0.4 a d  0.5 ms 
of . t rvplne i.1 Eirst and 
aacand day*, rcepattlvaly 

* S i g u ~ e ~  Lo pafeaths~s.es cerer t o  the bur. abter applicaslam .E r h k h  t ime vatusa mere remobEd 

t These valwa were determind lo m i e r w l e .  af w b e t r s t e .  r a t h r  t h m  Apl. 



Accession No. 
P 

Direetwrate of Me&cal Research, U. 5. &my CkmreaL Research 
1. VX-peustraticm Rate i n  M a n  

I I and Development Lnburatorie*. A r m y  Chrmlcal Ceuter. Maryland 
VARIABILITY OF DIFFERENT INTACT HUMAN-SKIN SITES TO 

2. Sensitivity Yarmiiios of I 
Bnffcrest S3un P t r s  ta 
VX Penetration I I CRDLR IlZZ, February l 9 b l  , Task 4G08-02-OL2-01, FOR OFFICUL U S E  ONLY REPQRT 

3. VX, pezcataneoue, probit I 
dose-respmee mlope for I The vw~abi l i ty  in eenrwitlvity to gsrvetratiwn by VX of maatomically 

different Istact human-skin areae weim deherrninad from chadmss- 
terase  depreaszm and Lncidenca of eyPnptoms. Probit &we- 
respones dope for WX applied t~ the velar surface d the forearm 
was, ealeulateil, and prelimiruary eutimatea d gsne t r a t i~u  rate 
were made. 

5. Man. VX-peoetrat~on rate i n  I 

I *D- Accessvon Na. 
Dlrructarate of Meheal Research, U. S. Army Chemical Research I 

I and fleveloarnant Lab.rateries,  arm^ Chemrcal Center, Maryland 1. VX-Penetration Bate Le Man,  - . 
VARMBILJTY OF DIFFERENT INTACT I P V W -  SKIN SITES TO 
THE PENETRATJOM OF vx - Van M. dm 

VX Penetration I GRDLa 3123, February lSbZ 
Task 4CB8-02-FP22-01, FOR OFFICdAL USE ONLY REPBRT 

The var iahd~ty in rensilivlly to  penetrahon by VX of anatamieally 
different intsct human-skin arsaa  wau tlsterrnined t ram cholines- 
rarame depreaeion and incidence of eymptama. P r ~ b i t  do* 
reapenee elope for V X  applied to the velar surface of the fo rea rm 
wb4 ealculabcd, and prellmlmary e@trmaiea of penetratuan rate 
were made. 

4. C M  Depression and 
Incidence of Symptom% in 

I 
VX Into*lcation, 
ot cDrrelatLanI 

5. Man, VX-penetration rate in 
I 

and Development Laborakories. Army Chemical tenter .  Maryland - 
VARlABIEiTY OF DIFFERENT INTACT HUMAN-SKIE\I SLTES TO 
TWE PENETRATION QF VX - Van M. Slm 

CWDLa 3122, February 1962 
T ~ r k  4G08-OZ-WZ-01, FOR OFFICIAL WSE ONLY REPORT 

I .  VX-Penetratian Rate in Man I 

2. Sensitivity VariaPion of 
Different Shn Sites to 

I 
VX Penetrakma I 

The variability in sensitivity to prnetratian by VX d anatom~cally 
&fierent intact human-uhn a reas  was determmed f rom shoLnes. 
terase depreselon and lncrdence oi symptoms Probad doae- 
response slope for VX applied to the volar surtace of the Inrearm 
was calculated, and preliminary estimates of penetration ra te  
were  made, 

5 .  Man. VX-penerraeion rate ro I 



I Accession No. 
Directrurate of M e h c a l  Research, U. 5.  Army Chemical Research  

1. VX-peaa'bratinn Rate in Man 
I I and Development Laboratoriea.  Army Chemlcal Center. Maryland 

VARIABILITY O F  DIFFERENT INTACT HUMAPE-SKIN SITES TO ; TNE PENETRATION af vx - Van M. SLm 

The vrrriabLllty i n  sensit ivity to p e n e t r a t ~ a n  by VX of a n a t d c a l l y  
W f e r e n t  intact human-eWn r r e a s  was debermined dram e lphnes-  
€era+ depressxm and inc ibncr r  of symptoms Frobi t  b a s -  

response alope for VX applied t o  the v o l w  eurfacc  d the f o r e a r m  
was calcullated, and preliminary e s t ~ r n a l e s  of peruetrat1c)n rqte 
were  made. 

5.  Man, VX-penetration r a t e  i n  I 

Accession No. 

I 
Directorate of Medncal Reseasch, U. S, Army Chemical Research  
and Development habora tar ies ,  Anmy ChemzsaP Center. Mar yland 
V4WUBIWTY OF DDIFERENT MTAGT WUW-SICIN SITES TO 

I THE PENETRATION O F  VX - Van M. a m  

1.  VX-Penetration Rate m M a n  I 
2 .  Sensitivity Variation of I 

Dldderent S u n  %tea to  
VX Benetration I I C R D U  3122, February  1962 I Tadc 4C08-02-022-01, F0H OFFICIAL USE ONLY REPORT 

3. VX, percutaneoue, probit I 
dose-response d o p e  for  

I 
I The variabihty In sensitlvlty to  penetration by VX of anatmleall ly 

I dlffarent intact human-skm area.  was de termmed f r o m  cholmes- 
t e r a s e  depreaelon and insidencc of eymptorns Prebi t  do3 - 
reaponse slope f a r  VX applled to  the volar surface of the  f o r e a r m  

I wan calculated, and  p r a l m m a r y  eerimatee of penelration ra te  
w e r e  made. 

4. ChE Deprers ion  amdl 
fncldence OE Symptoms in 
VX lntowcation, cor re la t ion  
of 

5 .  Man. VX-penetration r a t e  m 

I 
I 

and Development Labora tones ,  Army Chemical Center, Maryland I VMVLBILITI OF DIFFERENT LNTACT HUU*N-SIW SITES TO 
THE PENETRATION O F  VX - Van ha Slrn 

, 1. VX-Penetration Rate i n  Man4 

2. Sensitlvlty Variation o l  
Different Skin Sates to  
VX Penetration I I C R D m  33122. February  1 9 b Z  

Taak 4CW-Q2-027-01, FOR OFFICIAL USE ONLY REPORT 
3. VX, percutaneoue, probit 

doee-remponae alope for  I I The varlabnllty ~n sens~tlvnty to penerrataon by VX of anatomically 
different intact  human-skbn a r e a s  was determined l r o m  cholines- 
t e r a s e  depression and rncidencr ot symptoms. Probdt dose- 
response slope f o r  VX applled to  the volar aurface ol the f o r e a r m  I was i a l c u h t e d ,  and pre lmunary  ealinatem of penetration r a t e  

I were  made. 

I. CkE Depression and 
Incidence nf Symptoma In 
VX I n t w c a t i a n ,  correl.%L~onl 
of 

I. Man. VX-penetration ra te  m l  



1 AD- Acceselon No. 
firesfarate of Medical Research. U. S. Army Chemical Research 

I a d  Development L a b r a t o r ~ e s ,  Army Chemical Center, Maryland 
YARIABILLTY OF DDIPERENT INTWT H U M - S k Z M  STTES TO 

I 
T m  PENETRATION OF VX - Van M. S i m  

l. VX-Pemrat ion Rate in Man 
I 

2. Seneitivity Varlatiosr 05 I 
Different Skin Sites to 

CRDLR 3144, February 1962 Y X Penetration 

Tank +COB-02-522-01, FOR OFFICIAL USE ONLY REPORT 
3. YX, percutaneous, grobit 

The varialbillty ln sensi t lv~ty  to penstrahan by VX of anstomlcally dome-response elope for 

I 
W e r e n t  Intact human-aka area@ w r e  determined from chalinms- 
t e r a s e  depreEsmn and incidenca of p r y m p t m s .  Probth dose- 4. GhE Depression and 
reaponae elope gar VX applled to the volar s w ~ f a c e  ol the barearm bcldence of Symptoms in 

was calculated, and prcllmvnary estimates of penetration rate 

I 
vx htoxwation, ooire la t iml  

were made, of 

5. Man. YX-penetration rate in I 

Accession No. 

I 
Mrectorate of Mehcal  Raaearch. U.  5. Army Chem~caP ResFarsb 
and Development Laberetoriea, Army Chemical Center.  M s t y h ~ d  
VARIABILITY O F  DTfFERENT INTACT HUMAN-SKIN SITES TO 

I 
TEE PENETRATION 06 VX - Van M. Sim 

) CRDLR 3122, February 1962 1 Taek 4C08-02-022-01, FOR OFFICIAL USE ONLY REPORT 

I The varlabllity m sensitivity to penetration by YX o8 anatamicaUPy 
dflersnt intact h-an-akln areae  was determmed frow chohnes- 
teraes  depressmn and incidence of symptoms Probit 80, I remponoe slope D r  VX appbed to the r o U i  w~r9ace of the forearm 

I was calcuhtedl, and prellrnmary estimates af penstratlorn rate 
w e r e  made. 

1. VX-Benetrahon Rate in Man I 

2 .  Sensitivity Variation af I 
DLdtebent Sun Sites to 
YX Penetratuam I 

3. VX,  percuteneeas, probit I 
dose-response elope f o r  

I 
1. ChE Depression andl 

Incidervca 03 SyrnpEom6 i n  
I 

VX Intoxxcation, 
of 

5. Man. wX-penetration rate i n  
I 

6. Syrnprtomatol~gy zn VX 1 
Intaucabon 

I 

AD Accessnon No. I Dirrr lo ia t r  of h k G 1  Reaearch. (J. S Army ~ h e m i . a L  FLS&ILL 
and Development h b ~ s a t o r i w ,  Army Chemncal Center, Maryland I Y ~ I A B I L T T I  OF DIFFERENT lNTACT Y U ~ - S K W  SITES I.O 
THE PENETRATION O F  VX - Van ha. S ~ r n  

I GRDaR 3 1 1 2 .  February 1962 
Task 4C08-02-022-01. FOR OFFlCIAL USE ONLY REPORT 

I The warrabnhty In sensztivhty to penedrataon by VX of anatormcallly 
dviferent rntart human-shn a reas  was determined from cholrues- 
teraee denressxon a n d  incidence of symptoms Probit dose- 
response slope f o r  VX applied to the volar surface of the forearm I was calrdatrd, and preltrnmary i s l m m a k r a  of penetration rate 

I were made, 
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REQUEST FORIOR NOTIFICATION OF REGRADING ACTION DATE 3 March 2003

Foi u of this torm, zoo AR 3805: the poponont agecy is OACSI. FILE

READ INSTRUCTIONS ON RE VERSE SOE BEFORE COMPLEING TI/IS FORM
TO: (ickude ZIP Code) FROM: Ih'udo ZIP Code)
Defense Technical Information Center (DTIC) Commander
8725 John J. Kingman, Suite 0944 U.S. Army Soldier and Biological Chemical Command
Fort Belvoir, VA 22060-6218 ATTN: AMSSB-ISI-E

Aberdeen Proving Ground, MD 21010-5424

[OHE DOCUMENT(S) DESCRIBED BELOW HASIHAVE BEEN REVIEWED FOR REGRADING AND ACTION HAS BEEN TAKEN AS
INDICATED. APPROPRIATE ACTION SHOULD BE TAKEN TO MARK YOUR COPIES AND NOTIFY ALL RECIPIENTS TO WHOM
ADDITIONAL DISTRIBUTION WAS FURNISHED IN ACCORDANCE WITH AR 380.6. DOCUMENTS CONCERNING THIS SAME
SUBJECT SHOULD BE REVIEWED FOR POSSIBLE REGRADING.

EDEQUEST DOCUMENTrSI DESCRIBED BELOW BE REVIEWED TO DETERMINE WHETHER THEY CAN BE DOWNGRADED OR
DECLASSIFIED AT THIS TIME. IInc#ludjutlflenion in the "REMARKS' s$elf of 4h folynJ

[EOUEST APPROPRIATE CLASSIFICATIONIREGRADING INSTRUCTIONS FOR DOCUMENTS DESCRIBED BELOW.

DESCRIPTION CLASSIFICATION/

CONTROL NUMBER tTYPE FIEI EFERENCE UNCLASSIFIED SUBJECT OR SHORT TITLE, REGRADING INSTRUCTIONS
INDORSEMENTS, IICLOSUTES1

OLD NEW

AD003601 MLRR-147 THE PROTECTIVE ACTION OF STANDARD CLOTHING SECRET U (CUI)
MATERIALS AGAINST PERCUTANEOUS EXPOSURE OF MONKEYS *SEE NOTE
TO GB VAPOR (U) OBERST, F.W., ET AL[This report was regraded
Unclassified by authority of Chief, Tox Div, 26 Jan 59,Cornelia L.Murphy,
Classified Documents Review Commitce, CW Labs, A Cml C, MD

AD 029550 MLRR 250, THE TOXICITY OF LIQUID GA APPLIED TO THE SKIN SECRET U (CUI)
OF MAN (U), FREEMAN, ET AL IThis report was regraded Unclassified *SEE NOTE
by authority of Direcrorate of Medical Research, 19 Feb 59 by Cornelia L.
Murphy, Chief, Document Review Section, Security Office, C W Labs,
A Cml C, MD

AD026579 MLRR 217, TIE TOXICITY OF LIQUID GB APPLIED TO SKIN OF SECRET U (CUI)
MAN (U), FREEMAN, ET AL [This report was regraded Unclassified *SEE NOTE N
by authority of Directorate of Medical Research, CWL, 19 FEB 59, by
Cornelia L. Murphy, Chief, Document Review Section, Security Office
C W Labs, A Cml C, MD

AD 014540 THE ESTIMATION OF THE TOXICITY OF GB TO MAN (U), SILVER, CONF U (CUI)
S.D., report dated June 1953 *SEE NOTE
(This report was regraded Unclassified by authority of review on 12 Feb 03
by International Programs Ofe Dr. Famini, Security Ofc (EAST),
Dr. Brennie Hackley and Dr. Sharon Reutter .-
Subject document is approx. 50 years from the date of its creation,
and is therefore no longer determined to be classified.)

AD 271163 CRDLR 3122, VARIABILITY OF DIFFERENT INTACT HUMAN-SKIN FOUO CUT
SITES TO THE PENETRATION OF VX, FEB 1962, DR. VAN M. SIM *SEE NOTE

PRINTED OR TYPED NAME AND TITLE OF OFFICER SIGNATURE
N2ODY TURNER-GOODALLHIE F, EDGEWOOD AREA SECURITY TEAM 2 /

AMSSB-ISI-E, ABERDEEN PROVING GROUND, MD 21010

DA FORM 1575. SEP 77 EDITION OF 1 SEP 62 SOLETE. Us:PPc voo



REMARKS

Documents declassified to Controlled Unclassified Information (CUI). References and bibliographies were removed from the
documents. Information is subject to Export Control ILaws. These documents contain technical data whose export is
restricted by tthe Arms Export Control Act (Title 22 U.S.Code Sec 2751, et. seq) or EO 12470. Violators of these export
laws are subject to severe criminal penalties.
These douments HAVE NOT BEEN cleared for public release
DISTRIBUTION is limited to U.S. Government Agencies and U.S. Government Contractors
EXCEPTION:
DISTRIBUTION is authorized to NATO countries only (NOT to Partners for Peace)
Any data that contains information from the these reports would need o be safeguarded as NATO Restricted.

ACTION TAKEN OR RECOMMENDED BY RECIPIENT

INSTRUCTIONS
1. Prepare sufficient number of copies to furnish one copy 3. The abbreviations authorized by DoD 5200.1-R and AR
to each addressee of the original document and one copy 380-5 will be used to indicate the old and new classifications
for retention. Entries on form may be printed in ink. and regrading instructions. Include declassification dates.

2. Care will be taken to completely identify the document(s) 4. When the document(s) will be regraded upon the occur-
being regraded to prevent error by the recipient. All rence of an event, the classification will be followed by an
inclosures being regraded will be accounted for. When cover- asterisk (*) and the event described at the bottom of the
ing document only is being regraded and there are inclo- form or in the "REMARKS" section, above.
sures (classified or unclassified which are not being regraded,
the symbol "nlc" will be entered in the OLDINEW columns. 5. When the form is used as a request for review, the need
The regrading form will contain unclassified information only. for a lower classification for the document or documents
Short titles will consist of the first letter of each word in the will be shown.
subject or title except when a formal short title has been assigned.
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